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Abstract

Background Overexpression of tumor-associated antigens
has been reported in many types of cancer and may trig-
ger secretion of their autoantibodies. The present work was
designed to test whether circulating antibody to FOXP3
protein-derived antigens was altered in early cervical can-
cer and cervical benign tumors.

Methods A total of 141 patients with cervical cancer,
133 patients with cervical benign tumors and 148 healthy
age-matched volunteers were recruited. The level of cir-
culating anti-FOXP3 IgG antibody was tested using an
enzyme-linked immunosorbent assay developed in-house
with linear peptide antigens derived from FOXP3 protein.
The linear peptide antigens were designed according to the
computational prediction of HLA-II epitopes.

Results  Student’s ¢ test showed that anti-FOXP3 IgG in
the malignant tumor group and the benign tumor group was
significantly higher than in the control group (r = 6.127,
p <0.001; r = 2.704, p = 0.007). In addition, patients with
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stage I cervical cancer (r = 2.968, p = 0.003) had a signifi-
cantly higher level of FOXP3 autoantibodies than patients
with benign tumors. The sensitivity against >90 % specific-
ity was 20.6 % with an interassay deviation of 11.7 % in
the cervical cancer group. Based on a cut-off value deter-
mined by the 98th percentile of the control group IgG lev-
els, the anti-FOXP3 IgG positivity was 2.1 % in patients
with cervical cancer compared to 2.0 % in the health con-
trols (chi-squared = 0.004, p = 0.952, OR = 1.051, 95 %
CI 0.209-5.295).

Conclusion The circulating autoantibody to FOXP3
reflecting the continuous development of the cervical
lesion, may be a potential biomarker with early prognostic
values for cervical cancer.

Keywords Autoantibody - Biomarkers - Cervical cancer -
FOXP3 - Tumor immunity

Introduction

Cervical cancer is one of the most common gynecologic
malignancies seriously threatening women’s health. There
are approximately 466,000 new cases of cervical cancer
diagnosed annually worldwide, 80 % of which occur in
developing countries, and approximately 270,000 people
die of the disease [1, 2]. In China, there are approximately
10 million new cases each year, accounting for nearly 20 %
of the total new cases in the world. In addition, the inci-
dence of cervical cancer in recent years shows a regional
increasing trend as the age of onset becomes earlier [2].
The prognosis of patients with cervical cancer is closely
related with pathological type and clinical stage. Early
diagnosis of patients with cervical cancer is necessary in
order to receive proper, timely and effective treatment, to
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Table 1 Age characteristics of patients in cervical cancer, benign
tumor and control groups

Group Mean £+ SD >60 (n) 50-59 (n) <50 (n)
Controls (n = 148)  51.08 £5.36 11 78 59
Benign (n = 133) 45.58 £10.65 12 27 94
Malignant (n = 141) 4848 £9.29 13 44 84
Stage 1 50.76 +9.03 4 13 42
Stage 11 4532 +8.77 9 31 42

control disease progression and to improve the health and
quality of life. Traditional serological tumor markers have
some limitations in the early diagnosis of cervical cancer
and more new serum tumor markers need to be identified to
improve the early diagnostic rate.

When a tumor occurs, abnormally proliferated tumor
cells will be considered by the immune system as exotic
abnormal antigens to stimulate immune responses and be
killed by autoantibodies against these tumor antigens, with
the aim of destroying the tumor. Previous studies have
shown that some autoantibodies of tumor-associated anti-
gens (TAAs) in patients with malignant tumors exhibit
some antitumor effects. Although these TAA autoantibod-
ies vary among tumor types and among individuals, they
are still potential diagnostic tumor biomarkers. In recent
years, there has been much discussion regarding TAA
autoantibodies as early tumor biomarkers to determine
the therapeutic efficacy or evaluate disease prognosis [3,
4]. While TAA expression level is low at the early cancer
stage, they cannot be accurately detected by conventional
protein detection methods; however, based on antigen—
antibody reaction, TAA autoantibodies could be detected
with higher sensitivity. Therefore, compared with TAAs,
the detection of TAA autoantibodies is more significant in
early tumor diagnosis.

FOXP3 is a member of forkhead/winged helix family
transcription factors. The human FOXP3 gene is located in
Xp11.23 and contains 11 exons and 10 introns, and the full
length of cDNA is 1869 bp. The expression level has been
shown to be closely related to tumorigenesis and tumor
development [5, 6]. FOXP3 is the most specific marker of
regulatory T cells (Tregs). It is involved in the activation
and functional regulation of Tregs [7], and is essential for
dynamic regulation of immune homeostasis. Absence of
FOXP3 leads to autoimmune diseases, indicating that it
plays a crucial role in Treg functioning [5]. Tregs are a type
of multi-immunoregulatory T cell. They can inhibit activa-
tion of other T cells, impede the body’s immune surveil-
lance to cancer [8], and prevent TAA autoantibodies from
providing effective immune responses, thus providing an
immune escape environment for tumor cells and promot-
ing tumor development. Previous studies have found that

the level of peripheral CD4TCD25" Tregs is significantly
higher in patients with lung, breast, ovarian, colon and
other cancers than in healthy subjects [9, 10], and is closely
associated with a patient’s clinical stage and tumor-bearing
state.

We have previously found that a variety of TAA autoan-
tibodies are closely related to cancer. For example, the level
of ABCC3 autoantibodies in patients with lung and esopha-
geal cancers [11, 12], pl6 autoantibodies in patients with
esophageal cancer and non-small-cell lung cancer [13, 14],
ANXA1 autoantibodies in patients with lung cancer [15]
and FOXP3 autoantibodies in patients with esophageal can-
cer [16] are significantly higher than in healthy subjects.
However, only a few studies on autoantibodies in patients
with cervical cancer have been reported. Based on our
recent work, the application of linear peptides and antigens
may be more sensitive for enzyme-linked immunosorbent
assay (ELISA) of circulating autoantibodies against some
TAAs. Accordingly, the present work was undertaken to
develop an in-house ELISA with human leukocyte anti-
gen class Il-restricted peptide antigens to detect circulating
antibodies to FOXP3 protein.

Materials and methods
Subjects

A total of 274 female patients first diagnosed with cervical
cancer, including 133 with cervical benign tumors and 141
with malignant tumors, were confirmed by radiographic
examination and histological confirmation with staging
information. All 274 patients had complete clinical data
information and were recruited from the Second Hospital
of Jilin University. Blood samples were taken prior to any
anticancer treatment. 148 healthy age-matched subjects
(Table 1 were also recruited as controls from local commu-
nities. International recognition on the stage III and IV can-
cer as advanced cervical cancer was confirmed by clinical
diagnosis. In our practical work, we only had a few samples
from advanced cervical cancer patients who attended the
specialized gynecological clinic. Therefore, we were only
able to include stage I malignant tumor group and stage
II cervical cancer group in order to study the significance
of FOXP3 autoantibodies in the diagnosis of early cervi-
cal cancer. We also used clinical interviews and imaging
examinations to eliminate patients with any other tumors
and control subjects who had a history of any tumors. We
excluded patients with a history of severe autoimmune
diseases, such as autoimmune thyroid disease, pernicious
anemia, type I diabetes and celiac disease, multiple sclero-
sis, ankylosing spondylitis, systemic lupus erythematosus,
rheumatoid arthritis, and inflammatory bowel disease. All
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patients were of Chinese Han origin and provided written
informed consent to participate in this study. This work was
approved by the Ethics Committee of Jilin University.

Autoantibody testing

A linear peptide antigen was designed according to the
computational prediction of human leukocyte antigen class
II (HLA-II)-restricted epitopes, which can be recognized
by HLA-II molecules among >90 % of the Chinese popu-
lation. The autoantibody specific for FOXP3 protein was
measured by a relative ELISA approach as described in our
recent publication [11-16]. To reduce the interference from
a non-specific signal produced by passive absorption of
various IgG antibodies in plasma to the surface of a 96-well
microplate, a specific binding index (SBI) was used to
express the levels of circulating autoantibody against
FOXP3. This therefore was a relatively quantitative ELISA
antibody test, and the SBI was calculated as follows:

SBI = FOXP3 antigen (OD) — NC(OD)/control antigen (OD)
— (NC)(OD).

The OD value of control antigens represents the com-
plete non-specific binding signal, and that of FOXP3
antigens represents a combination of both specific and
non-specific binding signals. Each sample was tested in
duplicate. To minimize an intra-assay deviation, the ratio
of the difference between duplicate sample OD values and
their sum was used to assess the assay accuracy. The inter-
assay deviation that reflected the reproducibility of assay
was estimated using the SBI tested with pooled plasma
samples, namely quality control (QC) samples that were
randomly collected from >200 healthy subjects and tested
on every 96-well plate.

Data analysis

The mean £ SD in SBI was used to present data. Microsoft
Excel 2010 was used to construct a database with individ-
ual SBI values and to graphically analyze the distributions
of individual autoantibody levels, and IBM SPSS Statis-
tics 19.0 was applied to perform Student’s ¢ test to com-
pare the differences in SBI between the patient group, the
benign group and the control group; to perform Pearson’s
chi-squared test for the difference in antibody positivity
between different groups, with calculation of odds ratio
(OR) and 95 % confidence interval (CI); and to analyze
receiver operating characteristic curve (ROC) analysis for
calculation of the area under the ROC curve (AUC) with
the ELISA sensitivity against a specificity of >90 %. The
anti-FOXP3 antibody positivity was determined by a cut-
off value above the 98th percentile of antibody levels in
control subjects.

@ Springer

Table 2 Levels of circulating IgG to FOXP3 in cervical cancer,
benign tumor and control groups

Antibody® Mean #+ SD T P°

0.694 + 0.189 (n = 148)
Benign  0.759 £ 0.214 (n = 133) 2.704 0.007

Malignant 0.823 £ 0.168 (n = 141) 6.127¢,2.775¢ 0.000°, 0.006°
0.853 £0.169 (1 =59)  5.595°%,2.968¢ 0.000°, 0.003¢
0.803 +0.165 (n = 82)  4.344°,1.569* 0.000¢, 0.118¢

Control

Stage 1
Stage II

% The antibody levels were expressed in SBI (mean £ SD)
b Student’s ¢ test

¢ Comparision of IgG to FOXP3 between the cervical cancer group
and the control group

4 Comparision of IgG to FOXP3 between the cervical cancer group
and the benign group

Table 3 Anti-FOXP3 IgG positivity based on the cut-off value deter-
mined by the 98th percentile of health group IgG levels

Group Positivity p Chi-squared OR 95 % CI
(%)
Benign 6.8 0.05 3.85 3.508 0.929-13.244
Malignant 2.1 0.952 0.004 1.051 0.209-5.295
Stagel 1.7 0.875 0.025 0.833 0.085-8.176
Stage Il 2.4 0.837 0.042 1.208 0.198-7.383
Results

The levels of circulating IgG to FOXP3 in the cervical
cancer, benign tumor and control groups

We analyzed the expression of autoantibody to FOXP3
in the malignant tumor, benign tumor and control groups,
and the results are shown in Table 2. As shown in Table 2,
the level of autoantibody to FOXP3 in both the malignant
tumor group and the benign tumor group were significantly
higher than in controls (f = 6.127, p < 0.001; t = 2.704,
p = 0.007). The level of autoantibody to FOXP3 in the
malignant tumor group was significantly higher than in the
benign tumor group (t = 2.775, p = 0.006). The expression
of autoantibody to FOXP3 in the control, benign tumor
and malignant tumor groups showed an increasing trend.
Based on a cut-off value determined by the 98th percen-
tile of the control group IgG levels, the anti-FOXP3 IgG
positivity was 2.1 % in patients with cervical cancer and
6.8 % in patients with benign tumors compared to 2.0 %
in the health controls (chi-squared = 0.004, p = 0.952,
OR = 1.051, 95 % CI 0.209-5.295; chi-squared = 3.85,
p = 0.05, OR = 3.508, 95 % CI 0.929-13.244), as shown
in Table 3. The percentages of anti-FOXP3 IgG positivity
in patients with stage I cervical cancer and in patients with
stage II cervical cancer were 1.7 and 2.4 % (Table 3).
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The levels of circulating IgG to FOXP3 in different stage
of cervical cancer

The patients in our study had stage I and stage II cervical
cancer. First, we found that the level of autoantibody to
FOXP3 in the stage I and stage II groups was statistically
significantly higher than in the healthy controls ( = 5.595,
p < 0.001; t = 4.344, p < 0.001), as shown in Table 2. We
also reviewed stage I and II groups with the benign tumor
group as shown in Table 2. Patients with stage I cervical can-
cer had a significantly higher level of FOXP3 autoantibodies
than patients with benign tumors (¢ = 2.968, p = 0.003),
while patients with stage II cervical cancer showed no dif-
ference compared with the benign tumor group (¢ = 1.569,
p = 0.118). Furthermore, there was no significant difference
in the level of FOXP3 autoantibodies between patients with
stage I and II cervical cancer (r = 1.758, p = 0.081).

ROC analysis

We used the ROC curve to assess the diagnostic value
between the malignant tumor group and the healthy control
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group; the results show that IgG to FOXP3 in the malignant
tumor group had an AUC of 0.703 (SE = 0.031,95 % CI
0.643-0.763) (Fig. 1; Table 4), and the ELISA test had a
sensitivity of 20.6 % against 90.0 % specificity for FOXP3
autoantibody. IgG to FOXP3 in the stage I cervical can-
cer group showed the highest positivity with a sensitivity
of 25.4 % against 90.0 % specificity, and ROC analysis
showed an AUC of 0.741 SE = 0.037, 95 % CI 0.668-
0.814) (Fig. 1; Table 4). In the stage II cervical cancer
group, ROC analysis gave an AUC of 0.676 (SE = 0.036,
95 % CI 0.606-0.747) (Fig. 1; Table 4), and a sensitivity
of 17.1 % against 90.0 % specificity for FOXP3 autoanti-
body. Meanwhile in the benign tumor group, ROC analy-
sis showed an AUC of 0.570 SE = 0.034,95 % CI 0.503—
0.637) (Fig. 1; Table 4), and a sensitivity of 15.0 % against
90.0 % specificity.

Discussion

Immune surveillance is one of the most basic functions of
the immune system; it can identify, destroy, kill or inhibit
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Fig.1 ROC analysis of IgG antibody to FOXP3 in patients with benign tumor, cervical cancer, stage I cervical cancer and stage II cervical can-
cer. a Benign tumor group. b Malignant tumor group. ¢ Stage I cervical cancer group. d Stage II cervical cancer group
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Table 4 ROC analysis of IgG antibodies to FOXP3 in benign tumors
and different stages of cervical cancer

Antibody AUC SE 95 % CI Sensitivity  Specificity
(%) (%)
Benign 0.570 0.034 0.503-0.637 15.0 90
Malignant 0.703 0.031 0.643-0.763 20.6 90
StageI  0.741 0.037 0.668-0.814 25.4 90
Stage I 0.676 0.036 0.606-0.747 17.1 90

mutant cells and prevent tumorigenesis. The theory also
provides a way for the early detection of cancer [17]. When
patients have not presented any symptoms and their TAAs
are at low level, the immune system is able to monitor the
presence of TAAs and cause immune responses, producing
large amounts of autoantibodies to clear carcinomic anti-
gens. Thus, serum autoantibodies are sensitive biomarkers
for cancer detection [18]. For immune response between
TAAs and autoantibodies present in cancer patients, the
detection of serum autoantibodies can be used to distin-
guish between cancer patients and healthy subjects [19,
20].

Many studies on lung, stomach and colon cancers have
confirmed that TAAs and TAA autoantibodies can be used
as tools for early diagnosis of cancer and indicators of ther-
apeutic efficacy. Combined detection of p53, c-myc, cyclin-
B1 and other TAA autoantibodies with conventional tumor
markers can significantly improve the diagnostic specific-
ity and sensitivity [5, 21-23]. We have previously demon-
strated that expression of TAA autoantibody is increased
in patients with other cancers. Currently, only a few stud-
ies on TAA autoantibody in patients with cervical cancer
have been reported. In this study, we selected several TAA
autoantibodies in plasma and found that FOXP3 autoanti-
body expression level was significantly different among
cervical cancer, benign tumor and healthy control groups.

An increased proportion of CD4TCD25% Tregs in
peripheral lymphocytes and tumor-infiltrating lymphocytes
was first demonstrated in patients with breast, ovarian,
and pancreatic cancers and skin squamous cell carcinoma
[24-28].

Woo et al. [10] first reported that the proportion of
FOXP3* Tregs is enhanced in non-small-cell lung cancer
cells. The underlying mechanism may be that the popula-
tion of Tregs is higher in cancer patients than in healthy
subjects because Tregs are involved in functional regulation
of immune suppression and cancer patients are in an immu-
nosuppressed state, and as FOXP3 is a specific marker
of Tregs, it is therefore highly expressed in Tregs. Since
then, many researchers have found the expression level of
FOXP3™ Tregs is also increased in peripheral lymphocytes
and tumor-infiltrating lymphocytes of patients with various
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malignant tumors such as epithelial malignant lesions,
head and neck cancer, hepatocellular carcinoma, pancre-
atic cancer and breast cancer [25-30], suggesting that the
expression level of FOXP3" Tregs is closely related with
tumor occurrence, development and prognosis. Upregula-
tion of FOXP3™" Tregs in vivo is a common phenomenon in
patients with malignant tumors.

Further studies have confirmed that FOXP3 expression
is significantly higher in breast cancer cells, and detec-
tion of FOXP3 mRNA and protein expression has sig-
nificant guidance for diagnosis and prognosis of breast
cancer. Researchers believe that FOXP3 expression is an
independent risk factor for breast cancer metastasis [30,
31]. In a study of FOXP3 gene and cervical cancer, Hou
et al. [32] showed that an imbalance of the immune system
was present in patients with cervical cancer, which led to
T cells differentiating towards FOXP3™ T cells. Therefore,
the population of FOXP3™ T cells was significantly higher
in patients with cervical cancer than in healthy subjects.
Jaafar et al. [33] found that in animal models, cytokine
overexpression in cervical cancer contributed to the accu-
mulation of FOXP3™ T cells. Further studies reported that
FOXP3 expression was changed in benign and malignant
cervical lesions. Loddenkemper et al. [34] found that the
FOXP3™" Treg population was significantly higher in cervi-
cal intraepithelial neoplasia and cervical carcinoma. Scott
et al. [35] found that FOXP3 was expressed both in cervical
cancer and CIN epithelium. In addition, the expression of
FOXP3 mRNA is closely related to the grade of cervical
lesions, i.e., the higher the CIN grade the higher the expres-
sion of FOXP3 mRNA. Zeng et al. [36] also confirmed the
findings of Scott et al. regarding FOXP3 mRNA expres-
sion being closely related to cancer progress and positively
correlated with the stage of cervical cancer. As FOXP3 is
closely associated with the development of cervical can-
cer, it has become an important candidate gene for cancer
research. Whether FOXP3 autoantibody could become a
new biomarker of cervical cancer has become an important
part of our research.

In our study, we found that the expression of FOXP3
autoantibody is significantly different among patients with
malignant tumors, benign tumors and healthy subjects.
FOXP3 autoantibody expression is highest in patients with
malignant cancers, followed in turn by patients with benign
tumors and healthy subjects. These results are in agreement
with a previous study showing that FOXP3 expression is
elevated as the grade of cervical lesion increases [35]. Our
previous results showing that expression of FOXP3 autoan-
tibody is enhanced in patients with esophageal cancer [16],
indicate that FOXP3 autoantibody could reflect the changes
of cervical lesions to some extent. To our knowledge, this
is the first report on FOXP3 autoantibody in cervical can-
cer. The results indicate that the expression level of FOXP3
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autoantibody is significantly higher in patients with stage I
and II cervical cancer than in healthy subjects. In addition,
patients with stage I cervical cancer, but not patients with
stage II cervical cancer, have significantly higher levels of
FOXP3 autoantibody than patients with benign tumors, and
there is no significant difference in level of FOXP3 autoan-
tibody between patients with stage I and II cervical cancer.
These results are similar to our previous results showing
that the levels of FOXP3 [16] and p16 [14] autoantibody
are highest in patients with stage I esophageal cancer; how-
ever, they differ from another report showing that expres-
sion of pl6 autoantibody is highest in patients with stage
IV lung cancer [13]. The mechanisms for the significantly
increased expression of FOXP3 autoantibody in patients
with early cervical cancer are unclear. Some researchers
suggest that it is associated with host response to TAAs and
the process of abnormal immune gene regulation during
tumorigenesis, while others suggest that it is due to antigen
stimulation resulted from destruction of tumor cells [37].
Because of the value of FOXP3 autoantibody in the early
diagnosis of cervical cancer and the difficulties in case col-
lection of patients with advanced cervical cancer at first
diagnosis, we only tested the expression level of FOXP3
autoantibody in patients with stage I and II cervical cancer.
Interestingly, we found that the expression level of FOXP3
autoantibody is higher in patients with stage I cervical can-
cer than in patients with stage II cervical cancer. Although
this difference is not statistically significant, its expression
trend is similar to that in patients with esophageal cancer.
The changes in the expression level of FOXP3 autoan-
tibody as it gradually reduced as the stage of cancer pro-
gressed further demonstrate the value of FOXP3 autoanti-
body in the early diagnosis of cancer. Overall, the level of
FOXP3 autoantibody in patients with stage I cervical can-
cer is not only the highest, but also has the highest sensi-
tivity of 25.4 % against 90.0 % specificity. Thus, FOXP3
autoantibody may be a biomarker for the early diagnosis of
cervical cancer, although this needs to be further confirmed
by large-scale sample analysis.

Recent studies have shown that combined detection of a
variety of TAA autoantibodies can increase detection sen-
sitivity and specificity [21]. Currently, the first kit in the
world based on the theory of TAA autoantibodies, EARLY
CDT kit, is now available in Europe and North America.
The kit includes 7 TAA autoantibodies and has sensitivity
as high as 50 % [38]. In the future, we will screen more
TAA autoantibodies, and further evaluate the value of com-
bined detection of multiple TAA autoantibodies.
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